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Description 



[METHOD OF FABRICATING DEEP 
TRENCH CAPACITOR] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92127382, filed on October 3, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhe present invention relates to a method of fabricating a 
dynamic random access memory (DRAM) capacitor. More 
particularly, the present invention relates to a method of 
fabricating a deep trench capacitor. 

[0004] Description of the Related Art 

[0005] | n the deep sub-micron regime of semiconductor produc- 
tion, size of each device is greatly reduced. For dynamic 
random access memory (DRAM), device miniaturization 
means the area for accommodating each DRAM capacitor 
is reduced. On the other hand, an increase in the process- 



ing power of computer software demands more memory 
capacity to run each software program. The demand for 
more memory storage capacity from a smaller chip neces- 
sarily requires a modification of the method of fabricating 
the DRAM capacitor. 

[0006] According to the structure of the capacitor, DRAM can be 
divided into a stack capacitor DRAM and a deep trench ca- 
pacitor DRAM. With the miniaturization of semiconductor 
device, both the stack capacitor and the deep trench ca- 
pacitor DRAM encounters increasingly difficult processing 
problems. Stack capacitor is currently the most conven- 
tional semiconductor capacitor. At present, means of in- 
creasing the surface area of a stack capacitor includes 
performing a hemi-spherical grain (HSC) process or modi- 
fying the shape of the capacitor such as forming a crown, 
a fin, a cylinder or a spread-out structure. 

[0007] Although stack capacitor is popular, planarization is a big 
issue that needs to be solved before the memory device 
can be further miniaturized. Because deep trench capaci- 
tors are formed in a substrate, the fabrication of miniatur- 
ized memory device is easier. Nevertheless, as semicon- 
ductor devices continue to shrink, width of the trenches 
must be reduced accordingly. As a result, there is a corre- 



sponding increase in the aspect ratio of the trenches. With 
an increase in the aspect ratio, forming deep trenches 
with the desired profile through photolithographic and 
etching process and the subsequent filling of the trenches 
with a conductive material is increasingly difficult. 

[0008] pigs. 1A through ID are schematic cross-sectional views 
showing the steps for fabricating a conventional deep 
trench capacitor. As shown in Fig. 1A, a substrate 100 
having a patterned liner layer 102 and a patterned mask 
layer 104 thereon is provided. Thereafter, using the liner 
layer 102 and the mask layer 104 as an etching mask, a 
deep trench 106 is formed in the substrate 100. A bottom 
electrode 108 is formed at a bottom of the deep trench 
106 in the substrate 100 and then a capacitor dielectric 
layer 110 and a polysilicon layer 112 are sequentially 
formed at the bottom of the deep trench 106. A collar ox- 
ide layer 114 is formed over the mask layer 104 and the 
surface of the deep trench 106. 

[0009] As shown in Fig. IB, an anisotropic etching process is car- 
ried out to remove the collar oxide layer 114 on the sur- 
face of the mask layer 104 and the polysilicon layer 112 
to retain a collar oxide layer 114a on the sidewall of the 
deep trench 106. Thereafter, polysilicon material is de- 



posited into the deep trench 106 to form a polysilicon 
layer 118. Due to the high level of integration, width of 
each deep trench 106 is increasingly narrow and hence 
the aspect ratio of each deep trench 106 is increasingly 
high. With a large aspect ratio, polysilicon material de- 
posited into the deep trench 106 through a chemical va- 
por deposition process can hardly fill the entire space and 
a large seam 120 is thereby formed within the polysilicon 
layer 118. 

[0010] As shown in Fig. 1C, the polysilicon layer 118 outside the 
deep trench 106 and a portion of the polysilicon layer 118 
inside the deep trench 106 is removed to form a polysili- 
con layer 118a. In the process of recessing the polysilicon 
layer 118, the mask layer 104 is also abraded to produce 
some defects 116. 

[0011] As shown in Fig. ID, the collar oxide layer 114a not cov- 
ered by the polysilicon layer 118a is removed. Thereafter, 
a polysilicon layer 122 is formed inside the deep trench 
106. The polysilicon layers (112, 118a and 122) are elec- 
trically connected to form an upper electrode of the ca- 
pacitor. 

[0012] | n t he aforementioned process, although the seam 120 
inside the polysilicon layer 118a can be reduced by re- 



cessing, the presence of the seam 120a often leads to 
electrical connectivity problems in the polysilicon layers 
(122 and 118a). With poor connectivity in the device, the 
capacitor may malfunction and lead to a breakdown of the 
memory cell. 

[0013] Because the mask layer 104 contains defects 116 after the 
recessing process, planarity and uniformity of a subse- 
quently polished surface using the mask layer 104 as a 
polishing stop layer is likely to be affected. Furthermore, 
the defects 116 may affect the recessing of the polysilicon 
layer and subsequent depth measurement leading to a 

drop in the yield of the device. 
Summary of Invention 

[0014] Accordingly, one objective of the present invention is to 
provide a method of fabricating a deep trench capacitor 
capable of reducing (or entirely eliminating) overall size of 
the seam in the conductive layer (the upper electrode) of a 
conventional deep trench capacitor. 

[0015] Another objective of this invention is to provide a method 
of fabricating a deep trench capacitor capable of minimiz- 
ing the effects caused by the planarization of the conduc- 
tive material layer using a polishing stop layer with a de- 
fective profile in a conventional deep trench fabrication 



process. Thus, the process of recessing the polysilicon 
layer and subsequent depth measurement are negligibly 
affected. 

[0016] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of fabricating a deep trench capacitor. First, a substrate 
with a patterned liner layer and a patterned mask layer 
thereon, and a deep trench therein is provided. Further- 
more, a bottom electrode has already been formed at a 
bottom of the deep trench in the substrate and a capacitor 
dielectric layer has already been formed on the surface of 
the deep trench. Thereafter, a first conductive layer is 
formed at the bottom of the deep trench. A protective 
layer is formed on the mask layer and the surface of the 
deep trench. The protective layer is formed in a plasma- 
enhanced chemical vapor deposition process. In the 
plasma-enhanced chemical vapor deposition process, the 
depositing rate on a horizontal surface is higher than on a 
vertical surface so that the vertical surface of the deep 
trench is coated with a thin protective layer. A collar oxide 
layer is formed on the surface of the protective layer. The 
protective layer and the collar oxide layer on the surface 



of the first conductive layer are removed. Material is de- 
posited into the deep trench to form a material layer. A 
portion of the material layer inside the deep trench is re- 
moved to form a first opening such that the upper surface 
of the material layer is at a level higher than the liner 
layer. Thereafter, collar oxide layer and the protective 
layer not covered by the material layer is removed. A por- 
tion of the mask layer and the protective layer on the 
sidewall of the first opening is removed to form a second 
opening having a width greater than the first opening. The 
material layer is next removed. Conductive material is de- 
posited into the deep trench to form a second conductive 
layer. A portion of the second conductive layer at the top 
of the deep trench is removed so that the second conduc- 
tive layer only partially fills the deep trench. The collar 
oxide layer and the protective layer on the sidewall of the 
deep trench not covered by the second conductive layer 
are removed. Finally, conductive material is deposited into 
the deep trench to form a third conductive layer that com- 
pletely fills the trench. 
[0017] | n the aforementioned method of fabricating the deep 
trench capacitor, a protective layer with an removal rate 
smaller than the collar oxide layer is formed over the 



mask layer. When the collar oxide layer is removed, the 
protective layer can serve as an etching stop layer. Fur- 
thermore, because the protective layer has a small re- 
moval rate, damages to the protective layer are minimal 
after the etching process. Therefore, the protective layer 
is able to protect the underlying mask layer so that a con- 
stant profile is always maintained. In a subsequent polish- 
ing process, the protective layer or the mask layer may 
serve as a polishing stop layer for providing a high degree 
of polishing planarity and uniformity and minimizing the 
effects of recessing process of polysilicon and depth mea- 
surement. 

[0018] | n this invention, an additional process for removing a 

portion of the material from the sidewall of the first open- 
ing and enlarging the first opening is provided. This pro- 
cess reduces the aspect ratio of the deep trench and pre- 
vents the formation of a large seam in the conductive ma- 
terial filling the deep trench. 

[0019] This invention also provides an alternative method of fab- 
ricating a deep trench capacitor. First, a substrate with a 
patterned liner layer and a patterned mask layer thereon 
and a deep trench therein is provided. Furthermore, a 
bottom electrode has already been formed at a bottom of 



the deep trench in the substrate and a capacitor dielectric 
layer has already been formed on the surface of the deep 
trench. Thereafter, a first conductive layer is formed at the 
bottom of the deep trench. A collar oxide layer is formed 
on the mask layer and the surface of the deep trench. The 
collar oxide layer on the surface of the first conductive 
layer is removed. Material is deposited into the deep 
trench to form a material layer. A portion of the material 
layer inside the deep trench is removed to form a first 
opening such that the upper surface of the material layer 
is at a level higher than the liner layer. Thereafter, the col- 
lar oxide layer not covered by the material layer is re- 
moved. A portion of the mask layer on the sidewall of the 
first opening is removed to form a second opening having 
a width greater than the first opening. The material layer 
is next removed. Conductive material is deposited into the 
deep trench to form a second conductive layer. A portion 
of the second conductive layer at the top of the deep 
trench is removed so that the second conductive layer 
only partially fills the deep trench. The collar oxide layer 
on the sidewall of the deep trench not covered by the sec- 
ond conductive layer is removed. Finally, conductive ma- 
terial is deposited into the deep trench to form a third 



conductive layer that completely fills the trench. 

[0020] | n this invention, an additional process for removing a 

portion of the material from the sidewall of the first open- 
ing and enlarging the first opening is provided. This pro- 
cess reduces the aspect ratio of the deep trench and pre- 
vents the formation of a large seam in the conductive ma- 
terial filling the deep trench. 

[0021] This invention also provides yet another method of fabri- 
cating a deep trench capacitor. First, a substrate with a 
patterned mask layer thereon and a deep trench therein is 
provided. Furthermore, a bottom electrode has already 
been formed at a bottom of the deep trench and a capaci- 
tor dielectric layer has already been formed on the surface 
of the deep trench. Thereafter, a first conductive layer is 
formed at the bottom of the deep trench. A protective 
layer is formed on the mask layer and the surface of the 
deep trench. The protective layer is formed in a plasma- 
enhanced chemical vapor deposition process. In the 
plasma-enhanced chemical vapor deposition process, the 
depositing rate on a horizontal surface is higher than on a 
vertical surface so that the vertical surface of the deep 
trench is coated with a thin protective layer. A collar oxide 
layer is formed on the surface of the protective layer. The 



protective layer and the collar oxide layer on the surface 
of the first conductive layer are removed. Conductive ma- 
terial is deposited into the deep trench to form a second 
conductive layer. A portion of the second conductive layer 
at the top of the deep trench is removed so that the sec- 
ond conductive layer only partially fills the deep trench. 
The collar oxide layer and the protective layer on the 
sidewall of the deep trench not covered by the second 
conductive layer are removed. Finally, conductive material 
is deposited into the deep trench to form a third conduc- 
tive layer that completely fills the trench. 
[0022] | n the aforementioned method of fabricating the deep 
trench capacitor, a protective layer with an removal rate 
smaller than the collar oxide layer is formed over the 
mask layer. Hence, in the process of removing the collar 
oxide layer, the protective layer can serve as an etching 
stop layer. Furthermore, because the protective layer has 
a small removal rate, damages to the protective layer are 
minimal after the etching process. Therefore, the protec- 
tive layer is able to protect the underlying mask layer so 
that a constant profile is always maintained. In a subse- 
quent polishing process, the protective layer or the mask 
layer may serve as a polishing stop layer for providing a 



high degree of polishing planarity and uniformity and 
minimizing the effects of recessing process of polysilicon 
and depth measurement. 
[0023] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0024] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0025] Figs. 1A through ID are schematic cross-sectional views 
showing the steps of fabricating a conventional deep 
trench capacitor. 

[0026] pigs. 2A through 2H are schematic cross-sectional views 

showing the progression of steps of fabricating a deep 

trench capacitor according to one preferred embodiment 

of this invention. 
Detailed Description 



[0027] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0028] pigs. 2A through 2H are schematic cross-sectional views 
showing the progression of steps of fabricating a deep 
trench capacitor according to one preferred embodiment 
of this invention. First, as shown in Fig. 2A, a substrate 
200 having a patterned liner layer 202 and a patterned 
mask layer 204 thereon is provided. The liner layer 202 is 
a silicon oxide layer and the mask layer 204 is a silicon 
nitride layer, for example. The patterned liner layer 202 
and the mask layer 204 are formed, for example, by per- 
forming a thermal oxidation to form a liner layer 202 over 
the entire substrate 200, performing a chemical vapor de- 
position process to form a mask layer 204 over the liner 
layer 202 and finally carrying out a photolithographic and 
etching process on the mask layer 204 and the liner layer 
202. Thereafter, using the mask layer 204 and the liner 
layer 202 as an etching mask, an etching process such as 
a dry etching process is carried out to form a deep trench 



206 in the substrate 200. A doped insulating layer 208 is 
formed on the sidewall of the deep trench 206. The doped 
insulation layer 208 is an arsenic doped silicon oxide layer 
formed, for example, by performing a chemical vapor de- 
position process with in-situ doping. A photoresist layer 
210 is formed at a bottom of the deep trench 206. The 
photoresist layer 210 partially fills the deep trench 206 so 
that the upper surface of the photoresist layer 210 is at a 
level well below an upper surface 200a of the substrate 
200. 

[0029] As shown in Fig. 2B, a portion of the doped insulating 

layer 208 not covered by the photoresist layer 210 is re- 
moved in a wet etching process using buffered hydrofluo- 
ric acid (BHF) or diluted hydrofluoric acid (diluted HF) as 
the etching agent. Thereafter, the photoresist layer 210 is 
removed and a conformal insulating layer 212 is formed 
over the substrate 200 to cover the mask layer 204 and 
the surface of the deep trench 206. The insulating layer 
212 is a silicon oxide layer formed, for example, by carry- 
ing out a chemical vapor deposition process using tetra- 
ethyl-ortho-silicate (TEOS)/ozone (O^ as the reactive 
gases. 

[0030] As shown in Fig. 2C, a thermal processing of the substrate 



200 is carried out so that dopants within the doped insu- 
lating layer 208a diffuse into the substrate 200 at the 
bottom of the deep trench 206 in the substrate 200 to 
form a doped region 214. The doped region 214 serves as 
a bottom electrode in the final deep trench capacitor. 
Since the insulating layer 212 over the surface of the deep 
trench 206 is effective in stopping the outward diffusion 
of the dopants from the doped insulating layer 208a, the 
diffusion of dopants is constrained within the bottom of 
the deep trench 206. Thereafter, the doped insulating 
layer 208a and the insulating layer 212 at the bottom of 
the deep trench 206 is removed. The insulating layers 
208a and 212 are removed, for example, by performing a 
wet etching process using buffered hydrofluoric acid (BHF) 
or diluted hydrofluoric acid (diluted HF) as the etchant. 
[0031] As shown in Fig. 2D, a conformal capacitor dielectric layer 
216 is formed over the surface of the deep trench 206 to 
cover the bottom electrode 214. The capacitor dielectric 
layer 216 is an oxide/nitride composite layer formed by 
performing a thermal oxidation process or a chemical va- 
por deposition process, for example. Thereafter, a con- 
ductive material layer 218 is formed partially filling the 
deep trench 206. The conductive material layer 218 is a 



doped polysilicon layer formed by performing a chemical 
vapor deposition process with in-situ doping and then re- 
moving the doped polysilicon layer outside the deep 
trench 206 and a portion of the doped polysilicon layer at 
a top of the deep trench 206. The doped polysilicon layer 
is removed, for example, by performing a dry etching 
process or a wet etching process. 
[0032] As shown in Fig. 2E, the capacitor dielectric layer 216 not 
covered by the conductive layer 218 is removed to form a 
capacitor dielectric layer 216a. The capacitor dielectric 
material is removed, for example, by performing a dry 
etching process or a wet etching process. Thereafter, a 
protective layer 220 is formed over the mask layer 204 
and the surface of the deep trench 206. The protective 
layer 220 can be fabricated using a material including sili- 
con oxide or silicon oxynitride, for example. To form a 
silicon oxide protective layer 220, a plasma-enhanced 
chemical vapor deposition process is performed using 
tetra-ethyl-ortho-silicate (TEOS) /ozone (C> 3 ) as the reac- 
tive gases. Because the depositing rate of the protective 
layer 220 on a horizontal surface is much greater than the 
depositing rate on a vertical surface, a thin protective 
layer 220 (220b) is formed on the vertical surface of the 



deep trench 206. Thus, according to the thickness of the 
protective layer 220, three protective layers 220a, 220b 
and 220c can be distinguished. The protective layer 220a 
is positioned over the mask layer 204, the protective layer 
220b is positioned on the sidewall of the deep trench 206 
and the protective layer 220c is positioned over the con- 
ductive layer 218. Furthermore, the protective layer 200a 
has a thickness greater than the protective layer 200c and 
the protective layer 200c has a thickness greater than the 
protective layer 200b. Thereafter, a conformal collar oxide 
layer 222 is formed over the protective layer 220 (220a, 
220b and 220c). The collar oxide layer 222 is formed, for 
example, by performing a chemical vapor deposition pro- 
cess using ozone (Cy/tetra-ethyl-ortho-silicate (TEOS) as 
the reactive gases. 
[0033] As shown in Fig. 2F, the protective layer 220c and the col- 
lar oxide layer 222 on the surface of the conductive layer 
218 is removed to form a collar oxide layer 222a. There- 
after, material is deposited into the deep trench 206 to 
form a material layer 224 with an upper surface at a level 
higher than the linear layer 202. The material layer 224 is 
a photoresist layer or a anti-reflection coating formed, for 
example, by filling the deep trench 206 with the material 



and then recessing the material so that an opening 226 is 
also formed. The collar oxide layer 222a and the thin pro- 
tective layer 220b on the sidewall of the deep trench 206 
not covered by the material layer 224 is removed. Since 
the protective layer 220a has a thickness greater than the 
protective layer 220b, the protective layer 220a is retained 
after removing the protective layer 220b. The collar oxide 
layer 222a and the thin protective layer 220b are removed 
by performing a wet etching process, for example. The 
removal rate for the protective layers 220a and 220b is 
between 20 to 35A/min and the removal rate for the collar 
oxide layer 222a is between about 40 to 65A/min. It is to 
be noted that the removal rate of the protective layer 220a 
is considerably smaller than the collar oxide layer 222a. 
Hence, the protective layer 220a may serve as an etching 
stop layer in the removal of the collar oxide layer 222a. 
Because the protective layer 220a has such as a low re- 
moval rate and capacity to withstand corrosion, it protects 
the underlying mask layer 204 against any change in pro- 
file. In a subsequent polishing process, the protective 
layer 220a and the mask layer 204 may serve as a polish- 
ing stop layer for providing a high degree of polishing 
planarity and uniformity and minimizing the effects of re- 



cessing process of polysilicon and depth measurement. 

[0034] a s shown in Fig. 2G, a portion of the mask layer 204 and 
the protective layer 220a on the sidewall of the opening 
226 is removed to form a mask layer 204a, a protective 
layer 220d and a wider opening 228. The opening 228 is 
wider than the opening 226 by about 5 to 20nm. The 
mask layer 204 and the protective layer 220a are removed 
by performing a wet etching process using hydrofluoric 
acid/ethylene glycol (HF/EG) or phosphoric acid (H 3 P0 4 ) 
as the etchant, for example. Thereafter, the material layer 
224 is removed by performing a wet etching process, for 
example. Conductive material is deposited into the deep 
trench 206 to form a conductive layer 230. The conduc- 
tive layer 230 is a doped polysilicon layer or a polysilicon 
layer formed in the same way as the conductive layer 218. 
Furthermore, the conductive layer 218 and the conductive 
layer 230 are electrically connected together. Because the 
opening 226 has been enlarged to decrease the aspect ra- 
tio of the deep trench 206, the seam after performing a 
conventional conductive material deposition process is re- 
duced (or completely eliminated) when the conductive 
layer 230 is formed. 

[0035] As shown in Fig. 2H, a recessing process is carried out to 



remove the conductive layer 230 outside the deep trench 
206 and a portion of the conductive layer 230 at a top of 
the deep trench 206 to form a conductive layer 230a. 
Hence, the conductive layer 230a has an upper surface 
below the surface 200a of the substrate 200. Thereafter, 
the collar oxide layer 222a and the protective layer 220b 
on the sidewall of the deep trench 206 not covered by the 
conductive layer 230a is removed to form a collar oxide 
layer 222b. Another conductive layer 232 is formed inside 
the deep trench 206. The conductive layer 232 is a doped 
polysilicon layer or a polysilicon layer formed in the same 
way as the conductive layers (230a or 218), for example. 
Furthermore, all the conductive layers (218, 230a and 
232) are electrically connected together to serve as a top 
electrode of the capacitor. 
[0036] | n fabricating the deep trench capacitor according to this 
invention, a protective layer with a removal rate smaller 
than the collar oxide layer is formed over the mask layer. 
Hence, in the process of removing the collar oxide layer, 
the protective layer can serve as an etching stop layer. 
Furthermore, because the protective layer has a small re- 
moval rate, damages to the protective layer are minimal 
after the etching process. Therefore, the protective layer 



is able to protect the underlying mask layer so that a con- 
stant profile is maintained. In a subsequent polishing pro- 
cess, the protective layer or the mask layer may serve as a 
polishing stop layer for providing a high degree of polish- 
ing planarity and uniformity and minimizing the effects of 
recessing process of polysilicon and depth measurement. 
[0037] This invention also provides an additional step for remov- 
ing a portion of the sidewall material to enlarge the first 
opening. This reduces the aspect ratio of the deep trench 
so that the large seam normally present after performing 
a conventional conductive material deposition process is 
reduced. 

[0038] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



